Abstract-Cultural heritage is typically not on the people's top lists when searching for entertainment activities. Publicized temporary exhibitions can draw many visitors to a museum, urged by the opportunity of seeing certain items, but in general there are no particular stimuli and the visits are postponed once and again, if not forever. In this paper, we argue that it is possible to instigate curiosity in relation to dates, periods and events that are relevant to the potential visitors and connected to the cultural heritage items in direct or subtle ways. Likewise, proper reasoning about dates can improve the experiences of actual visitors, by promoting serendipitous learning, increasing retention and revealing that subsequent visits may drive them around the venue following new appealing narratives. We present the outline of a recommender system grounded on rich semantic modeling of relevant dates in the user profiles, in the cultural heritage knowledge bases and in an almanac of important days, connected to keywords and/or historical events and characters. We also explain how this system is going to be used in the pilot experiments of the CROSSCULT EU project, starting in September 2017.
I. INTRODUCTION
The evolution of Information & Communication Technologies (ICTs) during the last decades has transformed the way that the masses can appraise cultural heritage: the inception of the World Wide Web first made loads of information available online [1] ; then the social revolution of the Web 2.0 brought in opportunities for people to share cultural experiences [2] , and the more recent developments of the Semantic Web (which many authors refer to as "Web 3.0") are enabling computers to process growing amounts of metadata, for example, to automatically put heritage items into tailor-made collections to browse online or into personalized itineraries to follow inside the museums [3] . Undoubtedly, cultural experiences can be more attractive today than 20 years ago, but their general appeal has not grown accordingly. Even people who have interest in history, art or other areas of humanities are typically not aware of small or medium-sized museums (of which there are thousands only in Europe), since many of them mostly know about the famous large venues. As a result, many museums today suffer from very little traffic and seek survival.
In this paper, we argue that ICTs can have a great effect in attracting and changing the mindset of people towards museums and cultural heritage, in particular by exploiting associations between the context of actual/potential visitors and relevant dates, periods or events connected to the heritage items. To this aim, we are developing a recommender system grounded on rich semantic modeling of temporal information in the user profiles, in the cultural heritage knowledge bases and in an almanac of important days connected to keywords and/or historical events and characters. We begin in Section II by analyzing previous works in the semantic characterization of dates and relevant uses of such information in cultural heritage recommender systems. Then, in Section III we present the outline of the proposed recommender system along with our approach for the representation and management of dates. Section IV explains how this system is going to be used in the context of the European project CROSSCULT 1 , in two pilot experiments that showcase different possibilities to promote serendipity and situational curiosity. Finally, Section V provides a summary of conclusions and plans for future work.
II. RELATED WORK
The modeling of temporal information in the Semantic Web starts from the foundational design of the so-called upper-level ontologies, which are not focused on a specific domain but rather use formal ontological theories to provide sound theoretical underpinnings for various (ideally, all) domain ontologies. Notable upper-level ontologies developed with notions of events and temporality in mind include the Unified Foundational Ontology (UFO 2 ), the Suggested Upper Merged Ontology (SUMO 3 ) and the CIDOC Conceptual Reference Model (CRM 4 ), the latter of which is becoming increasingly popular as the reference framework for cultural heritage information services [4] . One level below, as explained in [5] , the Event ontology 5 seems to be the most prominent resource for modeling events, which can have place, time, factors, agents and products, and may also be composed of sub-events. The Linking Open Descriptions of Events (LODE 6 ) serves the same purposes, but it is explicitly focused on describing historical events, adding properties to link things (typically, media objects or cultural heritage items) to events that they could serve to illustrate. The Simple Event Model (SEM) ontology 7 is another alternative, with very detailed links to other ontologies and vocabularies. 14 .
There are several choices for the actual representation of temporal information. The most common is the OWL-Time ontology 15 , which specifies the class TemporalEntity with subclasses for both instants and intervals. It can specify their relationships using properties such as after and before. These core entities basically have DateTimeDescription or DurationDescription which in turn have the date/time or duration specified with a set of datatype properties. The SEM ontology defines its own set of properties, for example, to define open-ended and uncertain intervals.
In addition to defining the formal constructs, resources like SUMO, DBpedia and YAGO already model millions of facts covering many disciplines of human knowledge. This includes historical events and characters, but in ways that do not directly solved the challenges addressed in this paper. For example, when searching for "Hadrian", SUMO provides the following output, containing very little temporal information that would have to be extracted by text mining algorithms: DBpedia and YAGO provide much more detailed information about "Hadrian", with plenty of semantic properties informing about gender, birth place, spouse and descendants, ... and linking to related historical events, Wikipedia articles and some dates, too. However, due to the processes underlying both ontologies, the temporal annotations are not provided in a cohesive and complete manner [6] . As a result, the construction of a thorough compendium of historical events is an open research problem, with notable contributions in [7] - [12] . Such knowledge resources have been used by different recommender systems in the cultural heritage area (see [13] - [15] ), but focusing on the opportunities for content adaptation and personalization without investigating the effects of situational curiosity and serendipity that we address in this paper.
III. A CULTURAL HERITAGE RECOMMENDER SYSTEM DRIVEN BY DATES
Our recommender system adheres to the common principles in the literature, applying a hybrid filtering strategy on a collection of user profiles, a knowledge base of the cultural heritage items that might be recommended, a source of contextual information and a record of how previous recommendations were accepted or rejected by the target users. This conceptual diagram is shown in Fig. 1 . The novelties due to the specific concern about relevant dates, periods and events relate to three main aspects: (i) the representation of relevant personal/historical information in the user profiles and in the cultural heritage knowledge bases; (ii) the creation of an almanac of important days that provides background contextual knowledge; and (iii) the management of temporal proximity/inclusion and some ad-hoc reasoning to evaluate the relevance of the associations between the users, their context and the cultural heritage items through time.
To begin with, we are using common constructs to include lists of dates/periods in the user profiles -corresponding to relevant personal events or situations-and to explicitly link the cultural heritage items in the knowledge base to the pertinent historical events and characters. Specifically, we are using CIDOC CRM entities, classes and properties from LODE and the OWL-Time ontology, and RDF Schema properties to attach descriptive labels to the time appellations (using primarily concepts from the BIO and EuroVoc vocabularies whenever possible, and resorting to DBpedia and WordNet as additional resources). On these grounds, it is possible to discover more or less direct connections between users and items, due to coincidences/overlaps with dates/periods related to the items themselves or to the connected events, places or characters (e.g. the user was born on the day a vase was discovered or the painter of a picture died), and more subtle connections through the semantic labels (e.g. the user is expecting a baby and some items are directly related to maternity and parenting in some ancient society).
Whenever such direct connections do not exist, the almanac of important days can facilitate the discovery of relevant links between the heritage items and the users, due to one of the most important features of context: the current date. The key idea is to identify topics that are worth some attention on a given day, e.g. because it is the World Water Day and there are many items in a museum that can tell stories about rituals or technology connected to water. In harmony with the structure of the user profiles and the cultural heritage knowledge bases, we are building the almanac as a collection of CIDOC CRM entities with proper annotations, gathering data from Wiki categories (international observances, awareness days, weeks and months, National Days, Flag Days, commemorative days, ...) captured in YAGO and DBpedia.
While the management of temporal information and semantic labels enables the discovery of many different types of associations, it is important to implement mechanisms to avoid trivial or irrelevant ones. For example, while most users may be curious about historical characters born on the same day of the year at any time, regardless of the current date, an itinerary through items related to marriage ceremonies and dowry may be appreciated especially on dates close to wedding anniversaries, but probably not soon after divorce. Likewise, the full coincidence (day, month and year) of two birth dates can be generally perceived as more intriguing than the partial coincidence (only day and month) of one person's birth and another's death; yet, this is more relevant that the full coincidence of one person's graduation with another's retirement, which sounds purely coincidental. We are implementing this type of reasoning by means of a corpus of relevance assessment rules that come with a textual description and a formulation of SPARQL patterns and filters.
IV. THE CROSSCULT PILOT EXPERIMENTS
The CROSSCULT EU project aims to foster reflection about cultural heritage and history in Europe, by means of a technological platform that helps to investigate and develop interconnections among cultural digital resources, physical venues and citizen viewpoints. The project is conducting pilot experiences to investigate the potential of situational curiosity and serendipity to increase the retention of historical facts linked by cross-border associations or crosscutting topics, gaining insight into the meta-historical question of how the same facts may be interpreted differently from different social realities and by individuals with different cognitive/emotional profiles.
The recommender system driven by dates is going to play a role in two of the pilot experiences, whose beta-testing will commence in September 2017. Some insight into these developments is given in the following subsections.
A. One Venue, Non-typical Transversal Connections"
The pilot "One venue, non-typical transversal connections" takes place in the Archaeological Museum of Tripolis, Greece. It aims at harnessing major crosscutting topics (e.g. freedom, health or the role of women in society) to offer non-typical viewings of the museum items, allowing the visitors to go beyond the static arrangement of exhibits and the shallow, unconnected information panels placed next to them, which merely indicate the type of a statue or the century it was sculpted, but nothing or very little about its meaning and context.
The starting point for the Archaeological Museum of Tripolis is representative of the current situation of thousands of small and medium-sized venues around Europe, which often fail to deliver even one of the many stories that could be told by their heritage items. However, if those stories are developed and annotated properly -including the management of dates and semantic labels we advocate in this paper-, then it will be possible to deliver interesting content linked to events that are meaningful to each visitor. In this line, we have developed a number of narratives about life in antiquity involving the heritage items of the museum, using a controlled vocabulary about appearance, mortality, religion, rituals, goddesses, humans, amazons, nudity, social status, education, daily life, weaving, dowries, food, names, wild animals and healing practices. This should provide a wealth of opportunities for the recommender system to automatically identify the most convenient stories to offer to a visitor, on the grounds of any connections with dates, periods and events annotated in his/her profile. We will investigate whether such coincidences can have the desired effect of instigating curiosity, increasing retention and revealing that it may be worth visiting the museum once again to go through a different story -even if the items in the venue are not so many, there will surely be new facets of them to learn about.
B. Many Small Venues
The pilot "Many small venues" initially connects four small venues, namely the Roman healing spa of Lugo (Spain), the Roman healing spa of Chaves (Portugal), the archaeological site of Montegrotto Terme (Italy) and the ancient theater of Epidaurus (Greece). It aims to highlight the connections among the respective bodies of history and culture by means of a game of exploring and completing graphs of concepts and interconnections related to different reflective topics (e.g. ancient forms of entertainment, religion and pilgrimage or civil architecture). Some concepts in the graphs will appear blank, and the participants will fill them in by selecting the correct answers from given sets of choices. The game may be played individually or in groups, with or without live competition against other teams (from the same venue or different ones).
The recommender system proposed in this paper will play a role in selecting the most convenient reflective topics, contents and sets of choices to go through in each run of the game, depending on the profiles of the participants. In this case, relevant dates and events can provide the justification to engage with stories told not only by the heritage items kept in the museum/site that one is visiting, but also by those of others that are somehow connected to it. We plan to measure the effects of such a notion of serendipitous learning in collaboration with the four aforementioned venues after September 2017. Later on, after April 2018, we expect to have more venues registered on the CROSSCULT platform, and then the recommender system will furnish another notion of serendipity, by discovering opportunities for experts to develop new experiences involving other venues, because a propitious date is approaching to tell stories about topics that relate more or less directly to their collections of cultural heritage items. For example, the weeks around every 24th of January or 10th of July would be good days to run games of connecting the ancient theater of Epidaurus with the Roman Army Museum of Northumberland (UK), because those were the birth and death dates of Hadrian, a Roman emperor who visited Epidaurus and ordered the construction of the wall that marked the northern limit of Britannia (renowned as "Hadrian's Wall").
V. CONCLUSIONS AND FUTURE WORK
The core idea of this paper is that temporal associations between people and cultural heritage items can be a very powerful means to instigate curiosity about museums, archaeological sites and other venues. Thereby, semantic modeling and reasoning technologies entail a huge potential to increase the appeal of those places (especially small and mediumsized ones) among both locals and tourists, and to improve the experiences of actual visitors. The features we sketched here about a recommender system driven by relevant dates, periods and events will be fully developed during the next few months, as the CROSSCULT repository of user profiles and the cultural heritage knowledge base grow and become connected with existing metadata models and Linked Data resources like Europeana and the Getty Vocabularies. Indeed, temporal reasoning will be just one of the innovative features of the CROSSCULT recommender system, since in addition to time we plan to implement fine-grained reasoning about historical characters, places and users' interests. Altogether, for example, we will be able to recommend the vicinity of the 24th of March (World Tuberculosis Day) every year as a propitious context to offer games in venues with exhibits related to notable people who suffered from tuberculosis at some point in their lives, like Elizabeth of Austria, Henry VII of England and Louis XVII of France. In parallel, we are working to design the procedures that we will use in the measurement of the desired effects about curiosity, reflection and retention, following theoretical guidelines recommended in [16] .
